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Testing of a Micro Hydro Power Plant Using a Cross-Flow Type
Turbine

Abstract: The implementation of Micro Hydro Power Plants (MHPP) serves as a crucial initiative to address the uneven distribution of electrical
energy in remote areas across Indonesia. Before the permanent installation of an MHPP, field testing is imperative, involving the use of a model or
prototype to gather location-specific data, assess reliability, and enhance insights into the MHPP's functionality as an electrical energy generator.
This research endeavors to comprehend the operation of the Cross-flow turbine MHPP system and ascertain its output power and efficiency. The
testing process commences with the design of field test equipment, followed by manufacturing and assembly stages. Subsequently, equipment
testing and data collection are conducted, and the obtained data is analyzed to determine the output power and efficiency of the MHPP system
utilizing a Cross-flow turbine. The test parameters include water flow, head, turbine input power, generator output power, and overall MHPP system
efficiency. Upon analyzing the results and engaging in discussions, it can be concluded that the test considered crucial parameters such as water
flow, head, turbine input power, generator output power, and MHPP system efficiency. The highest efficiency recorded was under variable load
conditions with a fluctuating discharge of approximately 0.025 m%s, achieving 1.39% efficiency at a load of 80 W. The research findings indicate that
variations in head and discharge significantly impact the efficiency of the MHPP system.

Streszczenie: Wdrozenie mikroelektrowni wodnych (MHPP) stanowi kluczowg inicjatywe majgca na celu rozwigzanie problemu nieréwnej
dystrybucji energii elektrycznej w odlegltych obszarach Indonezji. Przed statg instalacia MHPP konieczne sg testy w terenie, obejmujgce
wykorzystanie modelu lub prototypu w celu zebrania danych specyficznych dla lokalizacji, oceny niezawodno$ci i lepszego wgladu w funkcjonalno$é
MHPP jako generatora energii elektrycznej. Celem badan jest zrozumienie dziatania uktadu MHPP z turbing krzyzowg oraz okre$lenie jej mocy
wyjsciowej i sprawno$ci. Proces testowania rozpoczyna sie od zaprojektowania sprzetu do testow w terenie, po ktérym nastepujg etapy produkcji i
montazu. Nastepnie przeprowadzane sg testy sprzetu i zbieranie danych, a uzyskane dane sg analizowane w celu okre$lenia mocy wyjsciowej i
wydajno$ci systemu MHPP wykorzystujgcego turbing o przeptywie krzyzowym. Parametry testu obejmujg przeptyw wody, wysoko$¢ podnoszenia,
moc wejsciowg turbiny, moc wyj$ciowg generatora i ogbélng wydajnosc systemu MHPP. Analizujgc wyniki i wchodzgc w dyskusje, mozna stwierdzic,
Ze w badaniu uwzgledniono kluczowe parametry, takie jak przeptyw wody, wysoko$¢ podnoszenia, moc wejsciowa turbiny, moc wyjSciowa
generatora oraz sprawno$c¢ systemu MHPP. Najwyzszg zarejestrowang wydajno$¢ odnotowano w warunkach zmiennego obcigzenia przy zmiennym
przeptywie wynoszgcym okoto 0,025 m?¥s, osiggajgc sprawnos$c¢ 1,39% przy obcigzeniu 80 W. Wyniki badan wskazujg, ze zmiany wysokosci
podnoszenia i wytadowania znaczgco wplywajg na wydajno$¢ systemu MHPP. (Testowanie mikroelektrowni wodnej z turbing o przepfywie

krzyzowym)
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1. Introduction

According to energy policy, the target for the New
Renewable Energy (EBT) mix is 23% by 2025, with an
ambitious goal of reaching 31% by 2050 [1, 2]. This
national energy policy gained additional support with the
government's publication of the 2017 General National
Energy Plan (RUEN), which outlined a capacity of 45.2 GW
for NRE electricity generation in 2025 and an even more
substantial target of 167.7 GW by 2050. However, as of
2021, the development of EBT into power plants has only
reached 386 MW, contributing to around 13% of the overall
goal [3].

To advance progress toward the EBT mix target,
efforts can focus on developing the potential of local
resources, such as water, for utilization in a hydroelectric
power plant [4, 5]. This research specifically explores the
adaptation of a hydroelectric power plant to the local
environment, situated on a river in Maros Regency, South
Sulawesi Province. The chosen scale for the hydropower
plant is the MHPP, considered suitable for the context.
Building upon the findings of previous research [6], an
initial study was conducted to assess the potential for
alternative energy by harnessing the hydropower
resources of the Maros River in South Sulawesi Province.

The MHPP serves as an alternative energy conversion
tool, providing an opportunity to enhance the role and
potential of local energy sources. Recognizing the water
energy potential in the Tombolo hamlet area, Tompobulu
village, Tompobulu sub-district, Maros Regency, South
Sulawesi Province, there are multiple water resources
available for utilization by the MHPP. A water turbine is a
machine driven by water, where the working fluid is water
itself. It operates based on the working principle of a
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turbine, utilizing the momentum of its working fluid to
convert the potential energy of water into mechanical
energy [7, 8].

The use of a cross-flow turbine type proves to be more
advantageous than employing a water wheel or other
micro-hydro turbine types [9, 10]. For instance, the average
efficiency of the cross-flow turbine surpasses that of a
water wheel [11, 12]. Laboratory tests conducted by the
Ossberger turbine factory revealed that even the most
superior water wheel type achieved only 70% efficiency,
while the cross-flow turbine demonstrated an efficiency of
82% [13]. This heightened efficiency is attributed to the
dual utilization of water energy in the cross-flow turbine:
first, the impact energy of water on the blades during entry,
and second, the thrust of water on the blades as it exits the
runner. This multi-level water operation provides
advantages in terms of high effectiveness and simplicity in
the water output system from the runner.

Numerous tests on cross-flow turbines have been
conducted previously. For instance, [14] delves into the
Design and Analysis of Cross Flow Turbines for Micro
Hydro Power Plant Applications Using Waste Water.
Another  study, [15], explores the design and
characterization of a vertical axis cross-flow hydrokinetic
turbine, emphasizing dimensions that maximize blockage
of water circulation in the channel at very low speeds.
Additionally, research [16] focuses on the optimal design of
a cross-flow turbine, aiming to enhance performance by
geometrically modifying several parameters.

The MHPP Cross Flow Turbine, previously tested in
the Energy Conversion Lab at the State Polytechnic of
Ujung Pandang in 2022, was the subject of a research
project titled 'Design and Build a Prototype of a Cross Flow
Turbine Type MHPP' [17]. The laboratory testing yielded an
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efficiency of 2.329% under load conditions with variable
blade openings. Additionally, when the rotating blades
differed by 5 degrees and with fixed guide blade openings
under varying loads, the efficiency was recorded at 4.148%
for a 20 Watt load, 3.999% for a 40 Watt load, and 3.679%
for a 60 Watt load. Building on these laboratory tests, the

research is set to advance to field tests in Tombolo hamletA-

Tompobulu village, Tompobulu sub-district, Maros

Regency, South Sulawesi Province.

2. Research Methods

This research was conducted in Tombolo hamlet,
Tompobulu  village, Tompobulu sub-district, Maros
Regency, South Sulawesi Province, with coordinates
5°07'07.9"S 119°42'48.4"E. The study commenced in
February 2023 and concluded in August 2023. The stages
of conducting this research are detailed as follows:

2.1. Design Stage
Activities carried out at this stage include:
+ Determine the test location to be used.
+ Designing a Cross-flow Turbine Type MHP Installation
System.

2.2. Assembly Stage
After completing the design process, the next phase
involves the tool assembly process. The steps taken are as
follows:
* Prepare all tools and materials for use.
+ Assemble the Cross-flow turbine.
* Assemble the electrical system.
» Create pipe support frames.
* Install pipes on dams and retaining frames.
* Install the intake pipe to the turbine.

2.3. Data Collection Technique

This test aims to assess the power produced by the
Cross-flow turbine in the Micro Hydro Power Plant. Data is
collected once the simulator is operational, under the
following test conditions:
* Retrieve MHPP data during no-load conditions.
* Retrieve MHPP data under loaded conditions.

2.4. Testing Stage
After the assembly is complete, the next phase

involves tool testing and data collection. The steps to be

taken are as follows:

+ Calibrate all measuring instruments.

» Ensure the frames connected to each other are secure
and not loose.

» Confirm water entry into the pipe.

» Check for any leaks in the pipe.

« Verify that the turbine rotates properly.

+ Conduct the testing process.

* Retrieve data on head, water flow, AC generator output
voltage, and current.

2.5. Data Analysis Technique

This MHPP test aims to analyze the system efficiency
generated by a Cross-Flow type MHPP system. The data to
be analyzed includes:
* Hydraulic Power (Py) with the formula (1):

(1) Pn = p.g.Q.Hn (Watt)

With: Py, = Hidraulic Power (Watt); P = Density (kg/m?); G =
Earth's Gravity (9.81 m/s®); Q = Water Discharge (m® /s);
H= Head (m)

+ Generator power (Pg) as output power using formula (2):
(2) Pout = V.I (Watt)
V = Voltage (Volt). | = Current (Ampere)
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+ Efficiency System ()
(3) Eff = (Pout/Pin).100%

With: Pyt = Output Power; Pin = Input Power

3. Results and Discussion

3.1. Test Data Analysis

+ Calculation of No-Load Turbine Data
1) Water Discharge Calculation (Q)
Average observation time =86.15s
Observation distance =2m
Average observation depth =2 m
Average observation depth = 0.43 m

Calculate the acceleration of water
U=p/t

= (2 m)/(86.15 s)

=0.023 m/s

Calculate the acceleration of water
A=1.t

=2m.043m

=0.86 m

Q=U.A
=0.023 m/s x 0.86 m?
=0.02 m¥/s

Calculation of correction factors
Assume correction factor = 0.8 for open channels
Q=U.A.0,8

=0.023 m/s x 0.86 m’ x 0.8

=0.016 m*/s
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Fig 1. Relationship between Water Discharge and Generator Pulley
Rotation, Turbine Shaft Rotation and Generator Voltage
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Fig 2. Relationship of Operating Time to Voltage, Current and
P(gwer with DC Voltage Load at Discharge Fluctuating Around 0.02
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2) Input Power Calculation (Pin)

p = 1000 kg/m®
Q=0.016 m*/s
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g=9.8 m/s?

H=6.12m

Pin = p.Q.g.H
=1000 kg/m®. 0.016 m*/s . 9.8 m/s® . 6.12 m
=958.89 Watt

» Calculation of DC Loaded Turbine Data

Head =6.12m

AC Voltage =8.867 V

AC Current =0.186 A

DC Voltage =8.867 V

DC Current =0.186 A

Generator Rotation = 218.700 rpm
Turbine Rotation = 51.050 rpm
Debit =0.016 m’/s

1) Input Power Calculation Pi,)

p =1000 kg/m®* Q=0.016 m*/s
g =9.8m/s? H=6.12m
Pin = p.Q.g.H
=1000 kg/m®. 0.016 m*/s . 9.8 m/s® . 6.12 m
= 958.89 Watt
2) Output Power Calculation
Pout=V. 1
=8.867 V x0.186 A
=1.65 Watt

3) Efficiency Calculations

Eff = (Pout/Pin) . 100%
=(1.65 Watt / 958.89 Watt) . 100%
=0.23%
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Fig 3. Relationship of Operating Time to Voltage, Current, Power
and System Efficiency with AC Lamp Loads of 15 W, 30 W and
45W at Fluctuating Discharge of around 0.025 m¥/s.
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+ Calculation of AC Loaded Turbine Data
Head =6.12m

Generator Voltage = 44.68 V

Generator Current = 0.129 A

Regulator Voltage = 103 V

Regulator Current = 0.048 A

Generator Rotation = 1106.45 rpm

Turbin Rotation = 244.43 rpm

Debit  =0.025 m%/s
1) Input Power Calculation (Ping
p =1000 kg/m®> Q= 0.025 m’/s
g=9.8m/s H=6.12m
Pin =p.Q.g.H
=1000 kg/m>. 0.025 m*/s . 9.8 m/s® . 6.12 m
= 1488.83 Watt
2) Output Power Calculation
Pout=V .|
=44.68V.0.129 A
=5.77 Watt

3) Efficiency Calculations

Eff = (Pout/Pin) . 100%
= (5.77 Watt / 1488.83 Watt) . 100%
=0.33%

3.2. Data Analysis Results Graph

Figure 1 illustrates the relationship among generator
pulley rotation, turbine shaft rotation, and generator voltage.
As the discharge of the turbine increases, both turbine shaft
rotation and generator pulley rotation similarly increase,
resulting in elevated generator voltage values. Notably, at
the lowest discharge condition of 0.027 m?%/s, the turbine
shaft rotation achieves its peak at 468.97 rpm, and the
generator pulley rotation reaches 215.82 rpm. Conversely,
the highest discharge condition of 0.016 m?s corresponds
to the lowest values, with turbine shaft rotation at 49.39 rpm
and generator pulley rotation at 2068.225 rpm.

This data demonstrates a direct impact of discharge
amount on the rotation of the turbine shaft and generator
pulley. The influence stems from the water pressure on the
rotation of both components. Specifically, a higher water
discharge into the turbine results in accelerated turbine
rotation. This acceleration is reflected in a threefold
increase in generator pulley rotation, ultimately leading to a
substantial voltage output.

In Figure 2, the relationship between voltage and current
concerning the lamp load is depicted, revealing an inverse
proportionality as the lamp load increases. The highest
recorded values are 29.3 Volts for voltage, 0.32 A for
current, and 9.38 W for power, observed at a lamp load of
20 W. Conversely, the lowest values are 10.3 Volts for
voltage, 0.3 A for current, and 3.09 W for power, occurring
with a lamp load of 60 W. Observing the graph, it's evident
that voltage, current, and power undergo fluctuations in
response to changes in the lamp load. These fluctuations
are influenced by variations in water discharge, although
efforts are made to maintain a constant water discharge
during the data collection time interval.

In Figure 3, the relationship between voltage and
current in response to the AC lamp load is depicted,
revealing an inverse proportionality as the lamp load
increases. The highest generator voltage is recorded at
46.6 V, with the lowest generator current at 0.128 A.
Simultaneously, the regulator exhibits its highest voltage at
100 V, the lowest regulator current at 0.05 A, and the lowest
power at 4.85 W, all occurring with a light load of 15 W.
Conversely, the lowest generator voltage is 39.3 V, with the
highest generator current at 0.297 A. The regulator's lowest
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voltage is 81 V, with the highest regulator current at 0.13 A
and the highest power at 11.44 W, observed with a light
load of 45 W. The system efficiency reaches its peak at
0.77% for a 45 W lamp load, while the lowest efficiency is
0.33% for a 15 W lamp load. The graph illustrates
fluctuations in voltage, current, and power in response to
changes in the lamp load. These fluctuations are influenced
by variations in water discharge, although efforts are made
to maintain a constant discharge during the data collection
interval.

Figure 4 illustrates the relationship between voltage
and current in response to the AC lamp load, revealing an
inverse proportionality as the lamp load increases. The
highest recorded generator voltage is 41 V, with the lowest
generator current at 0.248 A. Concurrently, the regulator
exhibits its highest voltage at 99 V, the lowest regulator
current at 0.11 A, and the lowest power at 10.01 W,
observed with a light load of 40 W. Conversely, the lowest
generator voltage is 30.6 V, with the highest generator
current at 0.612 A. The regulator's lowest voltage is 71 V,
with the highest regulator current at 0.29 A and the highest
power at 21.17 W, noted with a light load of 120 W. The
system efficiency reaches its peak at 1.42% for a 120 W
lamp load, while the lowest efficiency is 0.67% for a 40 W
lamp load. The graph depicts fluctuations in voltage,
current, and power in response to changes in the lamp load,
influenced by variations in water discharge. It is noteworthy
that efforts are made to maintain a constant water
discharge during the data collection interval.

IV. Conclusion

1. In the DC system, the highest output power is 9.38
Watts, observed at a load of 20 Watts with a discharge of
0.02 m3/s. Conversely, the lowest output power is 2.14
Watts, recorded at a load of 20 Watts with a discharge of
0.016 m3/s. For the AC system, the highest output power is
23.76 Watts, noted at an 80 Watts load, while the lowest
output power is 4.04 Watts, observed at a 15 Watts load.

2. In the DC system, the highest efficiency, recorded
at 0.80%, was achieved under conditions with a discharge
load of 0.02 m?s, corresponding to a lamp load of 20 W.
Conversely, the lowest efficiency, at 0.22%, was observed
with a 20 W lamp load at a discharge of 0.016 m3/s. For the
AC system, the highest efficiency, reaching 1.60%, was
attained under conditions with a discharge load of 0.025
m3s and a lamp load of 80 W. In contrast, the lowest
efficiency, at 0.27%, was recorded with a lamp load of 15 W
under similar conditions
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